ologists dealt with what statisticians called 'discontinuous entities', that is, entities which are either there or not there. An example in psychiatry might be the discussion which frequently occurs in case conferences as to whether a patient is thought-disordered or not. In this respect, psychology has and will continue to have a great influence in psychiatry. Psychologists, being trained in statistical techniques, have recognized the problem and are making attempts to measure symptoms along a continuum. Currently a great deal of work is being done in attempting to develop a crude scale along which over-inclusiveness in thinking can be measured, a scale which perhaps one day we may substitute for our present discontinuous entity of 'thought-disorder or not thought-disorder'.
This basic philosophy leads to many problems in medicine, particularly in psychiatry. If one is dealing with discontinuous symptoms, one is obligated to deal with discontinuous diseases. We are ·led to the situation where we have to decide whether a patient is schizophrenic or not, rather than how great his tendency to schizophrenia is. If one assumes that medicine is made up for the most part of such discontinuous or dichotomous categories, then the logic by which a physician arrives at a diagnosis is simply a semiintuitive one of ascribing probabilities from which he derives a differential diagnosis. The statistical logic which the physician uses intuitively is described in Bayes' Theorem, However, if we pursue All the benefits to medicine of modem information storage and retrieval methods will be dissipated unless the problem of changing the medical record to a form which may be computerized, is solved. This paper will review some attempts made towards a solution of the problem in a 35-bed psychiatric unit of a general teaching hospitalt. An important part of the program of this unit was to develop a completely automated and computerized record system. The principal function of the system was to provide reliable information for a more meaningful auditing of our psychiatric treatment. Other purposes of the system were to develop a data bank which could be used for research and teaching in the medical school. The review will fall under four main headings.
Theoretical Considerations

Medical Logic
The logical processes by which we arrive at a diagnosis rests on 'Occam's Razor'. William of Occam was a thirteenth century Fanciscan monk of philosophical bent who postulated that, faced with the need to explain a number of observations, the best explanation was the one which required the least number of hypotheses. "If a simple explanation would do, it was idle to seek a complex one." This is also sometimes called "the principle of parsimony". The principle of parsimony does not rule out the co-existence of several independent disease processes in the human, although physicians, because of their training tend to behave as if it does.
The use of Occam's Razor in medicine grew out of the fact that the early path-this type of approach, it is found that the computer has little advantage over the human clinician because of the limitless logical facilities of the~uman mind. 1?e limits of the human mind are set by Its memory and in this respect the computer has the advantage for it can be fed by a magnetic tape which is capable of storing literally unlimited amounts of information. Thus as long as medicine and psychiatry restrict themselves to a framework of discontinuous variables, the digital computer has little to offer. However once we set ourselves the task of , measuring human variables al~ng a continuous scale, we have to begm to start thinking as engineers say in a 'system' sense, and the amount of memory which is required to comprehend the interactions of only a few continuous variables is more than the human mind can handle and a computer comes into its own -it is essential.
Validity of Data
Validity refers to the relevance of the data collected, to the solution of the problem in hand. Thus it may be useful to know whether a patient has blue or brown eves, but this fact will have little relevanc~as to whether or not a diagnosis of schizophrenic illness is arrived at.
What you consider 'valid' depends on the theo~etical framework from which you are working. The Freudian may consider a great deal of information about a patient's early childhood to have a high level of validity whereas the behaviouraldescriptive psychiatrist will feel that this has little relevance and consequently a low validity.
Therefore any computerized record system must attempt to collect primarily that information where there is general agreement as to its validity. Secondly, it must collect additional information where there is disagreement about the validity, in order to test the question. As you will see later it is this which dictates the mod-ular form of the computerized record we have. This allows one to add in or take out of the system certain quanta of information where validity is either uncertain or changing.
Reliability
Reliability refers to the consistency with which different observers would report the same observations on one item of behaviour. If each sees and reports something different, then the reliability of that data and their observations is zero. To collect information which has a low reliability is a waste of time, and actually detracts from other information since it behaves as noise in the information system and may lead us to overlook other information which is more reliable. Clearly every piece of information we collect has to be reliable, or at least we have to know how reliable it is and have some consistent measure of this quality.
Loss of Some Data
If then the data to be collected on each patient is to be consistent, reliable and valid, one must accept the loss of some data. It is the author's contention that this is a small price to pay for the advantages of a record on each patient of known reliability, validity and consistency.
All Records become Research Documents
If we are to go to the trouble of making sure that every piece of information collected is reliable, valid and consistent, then it is only common-sense to collect a small number of additional pieces of information which will allow the data bank to be built up for the use of research. Some information may have to be included in the system which cannot be justified purely on pragmatic grounds, only on the grounds that it is anticipated that their value for future projects will justify their inclusion.
Presentation of Data
The way data is presented to physicians at the present time ignores a considerable body of knowledge relative to the meaningful presentation of information. For example, if a physician is dealing with a patient who as a result of surgery has some electrolyte imbalance, he has printed out for him each day a series of figures representing the sodium, potassium, chloride and bicarbonate levels for that patient. He is not only required to carry in his head the inter-relationships of these four levels and the hemo-concentration, but also the upper and lower limits of normal, and if he is to direct therapy he should be able to recall at the same time the previous day's readings. This places great demands on the' human memory, which is limited. Consequently there frequently is some loss of information in the sense that all the information available is not used optimally. However, there are ways of presenting this information which the computer can carry out very easily and which makes the function of the physician simpler. For example, we can print out the profile of the patient's hemo-concentration, his serum sodium, potassium, chloride and bicarbonate. The computer can with little extra difficulty go further, it can present these figures as standardized together with the upper and lower limits of normal for 'normal' patients presented on the print-out.
All that has been done here is to take electrolytes from a large number of patients, calculate the mean and two standard deviations from the mean and present the patient data against this background, standardized so that for each chemical its degree of elevation or depression can be compared with the others. But the computer can go one stage further, it can also print out the previous day's profile above the current one. In this way the physician is presented with all this information easily accessible, and the process by which he makes decisions as to how the patient's treatment should change is thereby facilitated. All data should be presented in a standardized form, profiled against a background of the mean for the population with two standard deviations from the mean clearly indicated on the profile. 
Reduction of Demands on Medical Manpower
Clearly any system which increases the time required of the physician or other scarce para-medical personnel is undesirable. Theoretically our system should reduce such demands. Where possible the system should make data collection easier, and also scoring, general handling of the raw data and its conversion into the finished presentation.
Need for Actuarial versus Clinical Approach
Previously in psychiatry and particularly perhaps in clinical psychology, the clinical has been the usual approach. The clinician examining the patient collects information against a background of theoretical conceptualization which may or may not be valid. It has jokingly been said that the projective techniques, like the Rorschach indicate more about the clinician than they do about the patient observed. Whether or not this is the case, the fact remains that even the so-called objective psychological tests retain a great deal of impressionistic material in their interpretation.
A completely computerized record system should work towards the development of the actuarial interpretation of the data collected. First of all this requires the collection of one piece of data on a large number of patients. Its interrelationships with other behavioural observations recorded on these patients can then be sorted in a tabular form. Statements based on this data constitute the actuarial description on other patients, which can then be given together with an accurately measured probability that the description is accurate for all future patients. This is the same technique that life insurance companies use to forecast risk to their clients when insurance is being sought. It has to be emphasized that this is a statistical approach which has all the limitations of statistical probability. Yet it is better to know and understand these limitations than to be like so many clinicians who do their work unaware of the fact that they are using precisely this technique, although in a much cruder and less structured way.
Multivariate Analysis -Pattern Recognition
The collection of all this data is useless unless it can be presented in the form which leads naturally to its analysis in a simple fashion. A patient record system of this type must be capable of relating easily to multivariate analytical programs in order that we can set about the recognition of consistent patterns within the system. In tum this should allow us to develop a new and more meaningful nosology than we presently have in psychiatry. Certainly the syndromes of psychosis which have grown out of Lorr's work with the Inpatient Multidimensional Psychiatric Scale (IMPS) are some indication of the progress that can be made in this direction. This is long overdue.
Correlational Techniques
This record system should also make available its analysis by correlation techniques, which Should develop therapeutic and prognostic indicators which, because of our present techniques in handling medical information, remain hidden.
The Practical Form Theoretical Considerations Dictate
Any Computerized Record System must be Modular Patient data tends to fall into natural groupings; i.e. the results of the physical examination, the results of the mental examination, the social history, etc., and each of these bodies of information will have to be considered as a module which can be added to or taken away from the system as we require it. While certain modules like the mental or the physical examination have to be included in every case, other modules may be in- 
Figure 3
GENERAL INFORMATION eluded in some but not all. If a psychiatrist on the staff were interested in deviant sexual behaviour, it may well be that he would develop a particular module relating to this area, which could then be added to the system for those patients who exhibited this behaviour. With each module would go a form layout and program sub-routine which could be easily added to the svstem, or if desired, taken out and modifie'd before being replaced. This also has the advantage that the system, if at first not entirely satisfactory, can be easily modified. From the practical point of view a modular system does involve more trouble, it involves more programming and slightly more computer time. On the other hand, the ease with which it can be modified far outweighs this disadvantage. Any medical record system will be continuously modified as our background of medical knowledge changes.
Master File
Since the system must be modular, there has to be developed a master program which links each of the modules for each patient' and allows easy periodic updating and retrieval of information. It is through this master file that the data bank is built.
Tandem System
Until a multi-terminal, real-time, timeshared system is available, either with the hospital having its own computer or using some other computer (the IBM 360/30 of the University of Calgary), the record system must be tandem. By using special 'pro forma' booklets, the physician, nurse or patient checks off the data on a form which will fit only this booklet. This form is automatically duplicated. One copy is fed into the computerized system, the other is retained in the patient's written record. If a physician requires information immediately, it is possible for him to retrieve it by placing one copy of this form ba~k i~the appr?priate booklet and reading It off. It WIll not matter that the other copy is still being processed.
It is hoped that this tandem system will allow us to develop a real-time, time- Vol. 14, No. 2 shared system and 'iron out all the bugs' without putting the patient record in jeopardy, as would be the case if it were attempted without the back-up of a handwritten system.
Review Reliability and Validity of each Module
Each module sub-routine or test, must be investigated by a competent clinical psychologist skilled at test developments, in order that the validity and reliability of the test can be ascertained,
Library of Analytical and Correlational Programs
We must build a library of correlational multivariate analysis programs, the entry and exit of which are standardized so that any investigator can simply substitute in a sub-routine his specification which would link the data bank with the statistical examination required, allowing the results to be printed out in a standard fashion. At Foothills we have already moved towards achieving this task.
A System for temporarily diverting Modules of Information
The system we develop must have suffident overlap between modules that it will be possible to withdraw anyone module at one time in order to test its validity and to build up actuarial data for future interpretation. Once this basic goal has been achieved it will be possible to write programs which will continuously update the actuarial data, that is a selfcorrecting program.
A Systemized Approach to Patient Data Collection
As the number of modules used in our data bank increases, we are becoming more aware of the need to devote one whole day of a patient's admission to data collection. Nursing on our unit is now organized towards this end. Providing the patient is not too disturbed the whole of the first day is devoted to collecting data. With on-line real-time facilities it should be possible to have all the data scored in one day, interpreted, and presented in an easily handled form. At the present time we are using 'pro forma' booklets for this but are already considering using a programmed teaching machine in reverse to collect data for us. A teaching machine capable of handling branched programs would be a more economical way than our present method.
Progress to Date
The Computer Equivalents of a Standard Medical History Figures 5 to 8 show the standard medical record broken down into its component parts with the equivalent computerized tool on the right. The question-marks indicate where we have not as yet developed a tool. We are being joined by a clinical psychologist whose main function will be to help develop these equivalents and to test their reliability and validity so that the gaps can be filled.
Progress with some Tests
We have been able to make considerable progress in using the computer to collect data score and to analyze and print out the results for some of our tests. Figs. 9-13 taken from a case of arteriosclerotic dementia illustrate this. Fig. 9 is the print-out of the physical examination record. Normal findings are not shown for most parts of the examination. Fig. 10 shows our standard MMPI print-out. The program we use is based on a similar one which was developed at the Mayo Clinic. It is not satisfactory for general psychiatric use since the interpretation is based on individual elevations and really has not made the most important step, which is the recognition of patterns on an actuarial basis. We are currently working on this program and hope to have it operating in the near future. The advantage of the program shown is that it is suitable for non-psychiatric use. The report is stated in non-psychiatric terms and also advises as to whether a psychiatric referral should be considered or not. We hope to continue to use this program for the non-psychiatric part of the hospital but to make available in addition a proper actuarial interpreted program for our psychiatric use. IQ testing can also be simply automated; the Raven's Progressive Matrices being particularly suited to computer handling and giving a very good performance IQ. Verbal IQ is an even easier problem and the one we have used is the Quick Word Test. Fig. 11 illustrates the write-out of the IMPS. We have found this tool presents the results of the mental examination in a reliable and valid fashion. Weare beginning to confirm Lorr's suggestions which relate the chemical Structure of certain of the phenothiazines to elevations on specific scales of the profile. Fig. 12 shows the print-out of psychiatric symptoms detected during the interview. Fig. 13 shows the print-out of the weekly nursing record (Wittenborn). . AaDOMEN :~f~~iL(~lt~~~itlON(NORMAt.) ...~E~A~~lEXAMINATION (NORMAL) . s1ArwtRQ_¥!lRPJ!¥l.L·~'-9--TOt-C-CUS'rfR·mREr--·--·-·--··-, --------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------- ---------------------------------------------------------------------------------------- 14 Vol. 14, No.2 Figs. 14 and 15 illustrate the 'pro forma' we are presently using to collect our data. We did some cost studies in this area and found that for approximately 600 medical bits of information (this is not the same as computer bits), the cost for optical scanning using the IBM 1230 was in the region of $1.57 whereas the cost for hand punching the same amount of information was 43¢. Even with the new equipment, which IBM are likely to introduce in the not too distant future and which has the capability of reading alphanumeric data, it seems that hand punching is likely to remain more economical and easier for several years.
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Lessons Learned
It is much too early in our program to draw any very firm conclusions and what follows are at best tentative deductions, which must be subject to confirmation.
If one is prepared to impose a rigorous scientific discipline to the collection of medical data, the very high costs and disappointments experienced in numerous United States programs do not have to be encountered. It seems that some of the problems met with in the United States have been due to the fact that they have allowed contemporary medical practice to impose its way of doing things on the computer, rather than the other way Figure 15 around. Not only is this a very poor and uneconomic way of using the computer but it offers less hope of advancement for medicine. It is the imposition of this rigorous scientific discipline which is going to give the biggest dividends to medicine, not the mere introduction of computers.
By collecting all data routinely on Day I for admitted psychiatric patients, time otherwise wasted by doctors collecting data is obviated, and the duration of stay in hospital reduced.
Recently we audited all those cases who had stayed in hospital more than two months. To our surprise the majority were not schizophrenic but were actually mis-diagnosed depressives. They were originally misdiagnosed because the patient presented with some other syndrome and the situation was only elucidated after fairly lengthy investigation. In every case, review of the computerized data revealed some indications that there might be an underlying depressive factor even during the first week of stay in hospital. This data was available to the physician but he mistrusted it. It is quite clear that we have to learn to trust these new tools.
As mentioned above, the discipline of complying with a computerized sys-tern does itself bring marked benefits. We have a number of family doctors who admit patients to our psychiatric unit and everyone is required to complete an IMPS. After a couple of months we made available the IMPS booklets and examination sheets to all the physicians for their office use. They had agreed that by filling it out they were frequently able to arrive at a diagnosis in cases where previously they would have been puzzled. It was the disciplined way of considering the case which made the answers obvious to them. 5) There are considerable savings to be found in terms of manpower and money. For example if we have the computerized MMPI available to us we free a clinical psychologist. In Alberta the standard rate for a report from a psychologist on this test is $15. In the rest of Canada it is higher -perhaps $20 or $25. Yet we will be able to produce a very good psychological report together with a printout of the results at a cost of less than $2.50. Forty-three cents of that is punching time. Two dollars of it is computer time. The larger the number of tests reported per run reduces the computer time per test.
Resume
Cet article expose quelques-unes des considerations theoriques que com porte l'utilisation d'ordinatrices pour l'automatisation de tout systeme d'archives medicales et en particulier d'archives psychiatriques.
Les contraintes qu'imposent les considerations theoriques aux implications pratiques d'un systeme d'archives electroniques sont exposees dans un certain detail et l'article decrit la mise au point d'un tel systeme aCalgary ainsi que certains problemes qui ont surgi. On donne la ventilation des archives psychiatriques ainsi que la description des equivalents modulaires ordonnes de leurs elements, tels qu'on les a mis au point aCalgary.
Let a full and careful treatise be constructed ... tbat so we may have a scientific and accurate dissection of minds and characters and the secret dispositions of particular men may be revealed; and that from the knowledge thereof better rules may be framed for the treatment of the mind.
The Advancement of Learning Sir Francis Bacon 1561-1626
